Purpose This publication will evaluate the available evidence in the literature comparing fresh embryo transfer (ET) and elective frozen-thawed embryo transfer (FET) regarding the possible interference of controlled ovarian stimulation (COS) in implantation and endometrial receptivity, IVF safety, and obstetric and perinatal outcomes.
Introduction
In vitro fertilization (IVF) has been performed for more than 30 years, and it is estimated that in developed countries, more than 1 % of all births are generated from assisted reproductive therapies (ART) [1] . Controlled ovarian stimulation (COS) is considered an essential step during IVF treatments, as its main objective is to induce the development of multiple follicles and maximize the chances of a positive outcome [2] .
Nowadays, fresh embryo transfer (ET) is the norm in ART procedures. However, there are increasing concerns about the adverse effects of COS over the endometrial and uterine environment, as well as regarding the safety of COS in pregnancies that have originated from ART. There is growing evidence that COS may contribute to modifications in the endometrium, which might be related to poorer outcomes when fresh ET is performed [3] . It has been suggested that obstetric and perinatal outcomes in pregnancies following ART are poorer when compared with those that occur after spontaneous conception [4, 5] ; however, this can differ among fresh ET and frozen-thawed embryo transfer (FET) [6] . In cycles with fresh ET, there is still a risk for the development of severe ovarian hyperstimulation syndrome (OHSS), which is an iatrogenic, serious, and potentially life-threatening complication of ovarian stimulation; it occurs in around 1-14 % of IVF cycles [7, 8] , and the use of antagonist protocols with a gonadotropin-releasing hormone agonist (GnRHa) trigger and subsequent elective cryopreservation of all embryos would almost eliminate the risk of OHSS [9] .
With the advances made in cryopreservation techniques, the quality of the frozen embryos and their potential for implantation are similar to those observed with fresh embryos [10, 11] . Thus, it would be plausible to discuss the freeze-all policy, which is performed with the elective cryopreservation of all viable embryos in a fresh IVF or IVF/ICSI cycle and the future transfer of frozen-thawed embryos. The objective of this policy is to place the embryos in a more favorable intrauterine environment, without facing the possible adverse effects of supraphysiologic hormonal levels over the endometrial receptivity [12] .
Implantation is one of the most important steps for achieving ART success, and its effectiveness relies upon embryo quality, a reciprocal blastocyst-endometrium interaction (which is dependent on factors such as embryo and endometrium quality), and endometrial receptivity [3, 13] . In the past few years, most of the improvements in IVF techniques have been based on embryo quality. Most of the studies on this issue have focused on embryo improvements, but they have not been concerned with the intrauterine microenvironment and its consequences on embryo implantation [14] . This publication will evaluate the available evidence in the literature comparing fresh ET and elective FET regarding the possible interference of COS in implantation and endometrial receptivity, IVF safety, and obstetric and perinatal outcomes.
COS and endometrial receptivity
The implantation window is a self-limited period marked by structural and functional maturation of the endometrium, which is necessary for blastocyst attachment. During this period, the endometrium undergoes transformations mediated by a large number of genes and gene products, which are differentially expressed during the receptive phase of the menstrual cycle [15] . Many genes related to endometrial receptivity are regulated by hormones [16] , and the COS may alter the gene expression of more than 200 genes related to implantation when compared to natural cycles without hormone stimulation [17] [18] [19] . These modifications may occur both under GnRHa and GnRH antagonist protocols for ovarian stimulation [20] .
There is evidence that the supraphysiologic levels of estradiol and progesterone during COS could lead to morphologic and biochemical modifications, and consequently impair endometrial receptivity. Such changes may lead to embryo-endometrium asynchrony, thereby reducing the implantation rates during IVF/ICSI treatments [21] [22] [23] . Higher levels of estradiol may lead to alterations in endometrial maturation and implantation [24] . In the final follicular phase, the subtle increases in progesterone levels are associated with advancements in the endometrium's ultrastructural morphology and echogenicity [25, 26] , and these levels seem to have a negative impact on embryo implantation [27, 28] . Some authors have demonstrated that when this endometrial advancement exceeds 3 days, pregnancy is not achieved if fresh ET is performed [19, 23] . These alterations may result in embryo-endometrium asynchrony, and they may decrease the implantation rates during ART treatments [3] . However, to date, there is no consensus regarding at what threshold a cycle becomes supraphysiologic and may lead to changes in endometrial receptivity [29] .
All of these hormonal changes discussed above do not seem to impact embryo quality [21] . Studies on oocyte donation programs have demonstrated that increases in progesterone levels in donors have no adverse effects on oocyte quality and in the implantation rates in recipients, corroborating the fact that progesterone levels do not impact embryo quality, but they probably influence the endometrium [30, 31] .
Endometrial development and priming are controlled more precisely during frozen-thawed cycles when compared to COS with gonadotropins, and this could be related to better endometrial receptivity [32] , favoring those patients adopting the freeze-all policy.
COS and uterine contractility
It is known that uterine contractions (UC) at the time of embryo transfer adversely affect IVF outcomes [33] , and that supraphysiologic hormonal levels may increase these UC [34] . Some studies found that uterine contractility is much higher in stimulated cycles than in natural cycles [35] ; however, there are no studies comparing COS cycles and cycles with endometrial priming for FET. We can hypothesize that during FET, due the lower hormonal levels, the UC would be lower than in the fresh ET, because high concentrations of circulating E 2 in IVF patients may increase these UC [36] . These effects of UC seems to be more important for cleavage-stage embryo transfer because the contractility decreases progressively and reaches a nearly quiescent status at the time of blastocyst transfer [37] .
IVF and OHSS -the OHSS-free clinic concept
OHSS is an iatrogenic, potentially lethal, and still one of the major complications encountered during COS in IVF [38] . It occurs in approximately 1-14 % of ART cycles and is related to increased vascular permeability (VP) [7, 8] . Human chorionic gonadotropin (hCG), either exogenous or endogenous, is the most probable triggering factor of this syndrome [39] . Following the administration of hCG, the expression of vascular endothelial growth factor (VEGF) and VEGF receptor 2 (VEGFR-2) mRNA increases significantly, rising to a maximum level that coincides with peaked VP. These findings suggest that the syndrome can be prevented by inducing ovulation with a GnRHa instead of hCG, preventing VEGF overexpression [40] . This strategy would prevent the early, but not the late, onset of OHSS.
The prevention of OHSS is the most important aspect of its management [41] . In the past few years, several preventive measures have been developed to prevent its onset, but until now, the most effective method is to substitute the use of hCG by administering a GnRHa for final oocyte maturation and by introducing the freeze-all strategy [42] . Devroey and colleagues introduced the concept of an OHSS-free clinic, in which the trigger of final oocyte maturation in patients with an antagonist protocol should be performed with the use of a GnRHa and via the cryopreservation of all embryos -not by performing the fresh ET [42] . This strategy virtually eliminates the onset of early and late OHSS [43] , although two recent publications reported three cases of OHSS in patients triggered with GnRHa in antagonist GnRH cycles and following the adoption of a freeze-all strategy [44, 45] .
Cryopreservation
With the advent and improvement of the vitrification technique, oocyte cryopreservation has become an alternative and good option for patients performing an IVF cycle, mainly in those with an increased risk for OHSS. The oocyte survival rates after vitrification are excellent [46, 47] , and the pregnancy rates and safety levels using vitrified oocytes may be comparable to those associated with fresh oocytes [48] .
Following the first description of a pregnancy resulting from FET [49] , the embryo cryopreservation technique has evolved and become an established, safe, and effective procedure during IVF treatments [50] . Embryo cryopreservation was previously successfully performed with slow-freezing methods, and in the past few years, the vitrification method has become increasingly more utilized, showing excellent results with up to a 95 % survival rate of vitrified blastocysts [10] . There is still no consensus regarding which of the techniques (slow freezing versus vitrification) is best for embryo cryopreservation, although some recent studies have shown better results with vitrification [51, 52] . There is no evidence regarding the consequences to the offspring originated from cryopreserved embryos [53] . The transfer of frozen-thawed embryos does not seem to have an adverse effect on neonatal outcomes [54] . Thus, the improvements in the cryopreservation techniques leading to the absence of detrimental effects to the embryo, and no consequences to the offspring when compared to fresh embryos, allowed reproductive practitioners to create the freeze-all policy.
IVF/ICSI outcomes of fresh versus frozen-thawed ET
Considering all the possible side effects of COS on endometrial receptivity, as discussed above, recent studies have shown better IVF outcomes when performing elective FET.
Furthermore, using the freeze-all strategy, there is an advantage in that the entire cohort of embryos is cryopreserved -not just the "second best", which is what occurs when the morphologically best embryos are transferred in a fresh cycle [55] . A recent meta-analysis showed an increase of 32 % in the ongoing pregnancy rate when elective FET was performed when compared to FET [3] . There are only three randomized clinical trials (RCTs) [56] [57] [58] in the literature that have compared the IVF outcomes of fresh ET and elective FET. All of them showed better results in the elective FET cycles. However, all of these studies only evaluated patients with a good prognosis. There is a recent cohort study that has evaluated the freeze-all strategy in patients with a previous failed blastocyst transfer. The researchers found encouraging results, showing an odds ratio for live births of 3.8 when using the freeze-all policy instead of fresh ET [59] . There is still a lack of higher-quality RCTs regarding the freeze-all policy and its relationship to IVF outcomes, the best developmental stage for embryo cryopreservation when applying this strategy, and the best endometrial priming to perform the FET.
Obstetric and perinatal outcomes from fresh ET compared to frozen-thawed ET
In a recent review and meta-analysis, Pandey et al. concluded that the risks of obstetric and perinatal complications are higher in singleton pregnancies after IVF/ICSI when compared with natural conception [4] . However, some observational studies have suggested that pregnancies that occurred after FET seem to have better obstetric and perinatal outcomes when compared to fresh ET [6] , suggesting an advantage in performing FET than fresh ET.
It seems that ectopic pregnancy is more frequent in pregnancies that result from IVF treatments when compared to natural pregnancies. This higher risk would be related to increased UC and supraphysiologic hormonal levels during COS [60] . The COS and the supraphysiologic hormonal levels may be related to altered placentation, leading to an increased risk of pre-eclampsia, low birth weight, prematurity, small size for gestational age, antepartum hemorrhage, and perinatal death [6, 53, 61] . When comparing the risk of major congenital anomalies between children conceived after fresh ET and FET, no difference between the techniques was shown [62] . In other hand, there is an increased risk of macrosomia in singletons born after FET when comparing to fresh embryo transfer [63] .
Pre-implantation genetic screening (PGS)
Nowadays, there is a trend toward performing the PGS in the blastocyst stage with 24-chromosome screening. There are growing evidence showing higher implantation and delivery rates following the 24-chromosome screening when compared to fluorescent in-situ hybridization (FISH) PGS [64] . The use of comprehensive chromosome screening (CCS) in blastocyst stage with elective single embryo transfer (eSET) is as effective as double-embryo transfer of unscreened embryos and dramatically reduce the risk of twins [65] . However, it is unclear if the screened embryo transfer results in better outcomes when performed in fresh or FET cycles [66] . Sometimes, it is not possible to obtain the screening result within the implantation window. The embryos that the biopsy needs to be performed on day 6 are not eligible for fresh embryo transfer due to an asynchrony between the embryo and endometrium. In these cases, it is necessary to perform the cryopreservation of all embryos and a posterior frozen-thawed embryo transfer [67] .
Costs
Regardless of the growing evidence favoring the freeze-all strategy, there are, unfortunately, no studies concerning the cost-effectiveness of elective FET when compared to fresh ET. It is necessary to conduct these studies to determine whether a change in policy (performing elective FET instead of fresh ET) is cost effective when considering the cryopreservation costs, the costs associated with endometrial priming, and even the emotional distress that arises for patients that did not undergo fresh ET.
Conclusion
There is growing evidence in the literature suggesting better IVF outcomes when adopting the freeze-all policy instead of fresh ET. Most of these differences stem from the consequences associated with COS on endometrial receptivity. More important than the pregnancy and implantation rates is the safety of the ART procedures. It seems that the freeze-all policy may decrease the risks of OHSS development, as well as obstetric and perinatal morbidity and mortality. More research and RCTs are necessary to establish a change in the routine policy regarding embryo transfer.
